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(54) MAGNETIC HEAD, ITS MANUFACTURE AND VERTICAL MAGNETIC RECORDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic head, 
the manufacturing method and a magnetic recorder 
capable of stably doubling a generation magnetic field by 
accurately controlling the recess amount from a medium 
opposing surface of a main magnetic pole, an auxiliary 
magnetic pole, a coil and a return yoke by a fine amount 
with excellent reproducibility. 

SOLUTION: A magnetic element in a thin film shape is 
laminated on a thin film provided parallelly to the medium 
opposing surface and this magnetic head is constituted. 
Further, the thin film is provided with an opening and 
formation is performed so as to provide a tip part 
extended to the opening on a part of the main magnetic 
pole. In such a manner, the recess amount from the 
medium opposing surface of the magnetic element in the 
thin film shape is highly accurately controlled and the 
projection amount of the main magnetic pole tip part is 
also extremely finely and precisely controlled by the film 
thickness of the thin film simultaneously. As a result, 

recording magnetic field strength at the main magnetic pole tip part is increased to an ultimate 
value and the head capable of performing recording to the medium of high holding power coping 
with high density is provided. 
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SufS^KS <b £ ft !/ * - 3 - * 

WE*««^WE»JBtl/^-^3-^ fcir J;r)»fiS;*ft 

ffiir, WE»B!E»3^/K0«^ffitt, v^-ffttSftE^ 

WEf»«y*-^3-^&tj { WEE»3>r/^>ft< t 
tv^-fft^tt, WE«E*#ifiiB^e>ffliE*«©fliff-ea 

%mmm<om%^v k, 

ffiLfc£aM£$te««£, WEaft^ffi^fey-fe^UT 
« k i-« l * fctt 2 KE«<0««^ s/ K. 

WEiK**fiP]ffiicr&itt-cilttiLfc*«ait, 
S6E*«ffiXr/iWE»l)l»ft 3 - ^ <ir »« $ ft 

WE±»«tWE3W»Kft3-^i:^J: QttfflBJlCSrlffl 
E«*«ffi«i***fci»#, ttfft::EftSft£WMft4R 
^WE«««fta**^^»a»blr J: 3- 

flJE±»ffi<^a±ffi t ffiEffKHMK 3 - * £ H 

v^ftfcWEli*#lftffi^*fLT¥ff«-Jpj*Sft, 
fl-olftEWBB* 3 - * * fc ttMEtt^ffi»**?a 
'>*< £ fc^rft75MiWEKff»^E^b«rE»llll<oiK 
ff-CS*Sft5 Jrtitt y ir^ LT^S r t Sr#»t 

f±E»SftfcK<k*«fcB*i-68MS^y K<B»S#tt 



WE«l»«©±»Cj»»S:JgfiS;i-5iat, 

IfflEIJB P S:S JK-TS J: 5 i:±W^Mt^Ig £ , 

«lHlf 5 IS 

utM»iw±ffitWT4ii*»iRiait»*t6ii 

[ft*il6] »*«l-4a5V^ft^E«t^««^^ 
Sil[tt«EftK»fw»Lrfll«f|lr«frEftt 

fltftEft&IE. 

[0 0 0 1 ] 

»5t*ftXtJ c »«E«3SltJrBBi'So «t!9l¥*B^«, * 

38Wli* ±^-KfV^^ • K^^y (Hard Disk Dr 

ive) /i^jcfev^Tffiffl*ft5M««E»*SE*^fcft 

Y\ t^»a*ife»l«*E»«ll^BB"f-S« 
[0 0 0 2] 

[&*£>&»] KtV*^ ■ K9^#if<B»«E 

*S^—K/M4, 40-100Gbps i (dftffcTy h 

ISS*S (ft^Eft**) *fflv*T£<DE»«««:3ij£ 
L<J:9it6i, ^Wi-E^Ufcx-^^fico^x- 

^sv> 0 aEEft*adsw3PJ-e*5fc#ie> 

ftSo 

[0 0 0 3] «#<Dll»ai:»t5Btttt, 

fc «9 k u t ^ v t oat-Jtey 

"T-5o BBrtE**S;i3*5V^rj»E»*KSr±«f«fc*^ 

1-5i:tt«*^**<ft9E»^HIii:4 
[0 0 0 4] SiIE»^S;^#^fi, K^*fii*s 

[0 0 0 5] 

i&mmikvx? k-rzvtm] ta»u «i:e»^ 



(3) 



i|#F^ 2001—931 12 



[ o o o 6 1 ea i 2 &%<nmmmw±m<Dm%^ 
tmmm^y ki o oa^m^^ ki o 

0 b 2 0 0 ±K:E(t $ *ifcttH8Sr*1- 0 

[0 0 0 7] |E»«»ft^s/ K 1 0 0 Att, iffiffi 1 1 
l , *S8S«ffil 12. ^-ya-Mi3, jai^E 
»ttff2 0 0lwK*tfenfc*fl^«:«ttJK2 16i:J;o 

[0 0 0 8] f5*ffl««^y KI OOBte, ±« 

in h ffigtrfftKi 12, y ja 
«tO f E««C»2 0 0tcKft?>ixfc*fr*,tt«ttBl2 l 6 

[0 0 0 9] Eft^s/ K 1 0 OAW U^-yH-^l 1 

So 

[ooio] sfc, a*2 0ot#ifl-t-ajBt»»rfiiffii 

18Klfi, DLC (diamond-1 ike-carbon) ftlffrbft 

[0 0 1 1 ] IM^y Kl 0 0 AlC^Tf*, E»3>f 
^1 l 4A^m«S:ii«Llt«fi5fl[v>1taK«i l 2^ 
J:or^<«$mH, ^tiSri^gl l 1HI 
+ $itZZ ifcJ:o-c\ ^4SMft:2 0 0i:W 
SiffE»/i2 1 5«rttfcLTfB*1-*o **>\ H 

1 2fc*LfcttEfle2 0 Olat, '<4T*M 2 1 8jWRtt 

[0 0 12] $fc, Kl 0 OBirfcV^Tfi, V 

[0 0 13] Eflk^s/ Kl 0 OAi:fci^ii, ^Bfcffil 

1 lJ-+^<o«*Sr«tj|&i-sfc»lc, iffiffil 1 
2li3ifflMl l l ±0tJP<»j«f*iWtf***o Kfr 

2 0 0^b«fttffil 1 2*TCQ|EEHt^ % »2 0 0^ 

[0 0 14] 

[0 0 15] ;riT,fc:atLT\ l l <7)^{£gM^ 



Si l KO^ffiaSrTt^^ttM< tTK«^«b 
-t&WtfbZo Mftl^ffil 1 23dJ;l>*y 

3^113lt yt7loopJigi^^I»2 0 0 

»3>f/n i 4AtlIffi»l2 1 5 

#\ J: D l l i<D9cmmz&±izit 

[0 0 1 6] £JLb$£AS£, a*ic*f-r-5E*8S*34i 
£ Witt, iWgl 1 2, !i^->3- 

M13, Eft^'H 1 4A^, Ptnt)±IIl 1 

i «t r> hwpmtiwt* iooi»2 ooi:»ttt 

S/K10 0 Bdo^Tfc^-f 3o 
[0 0 17] Lrt*U (21 2K«^LfcJ: otamtnm 
IBft^yKlOOA, 10 0BJ2, -?:£>fl|a£X, rco 

[0 0 18] E»ffl»ft^5/ Kl OOA^Sil 

[0 0 19] issoiny^-ya-^ 1 

1 3, Eft = >f/H 1 4 A, ±lii 1 1 t «|ftKfigl 

i9JPXL-Ca*»|6]DBl 1 8 £ £ 0 D 
LCfl#Rl 1 7SrfifeKLTE»— y Kl OOA^ 

[0 0 2 0] L^U MEftitlPlffi 1 1 8 Sr»jft1-*R<Ei 

k<> kh^mm<DMW&m*£i%zffimmmi i 2^ 

1*2 0 0^^^^^EfiiJ<D^^^{ig«:^»r6]E^ 
^¥i$70. 1 5 ^myir^t*S J: 5i-?£o TAOXLT 

0. 15/im^) 

* V ± * Lfcifr^KUtft tt^ 7 0 %att«C»T IT L 

[0 0 2 1 ] ^-ya^^m, a^yui 

l 4, ilii 1 l x SftMi l 2ft l>f^)7t 

k y 7^ ic£ 9Jnxsix5fc«>, iw*^^^ 
ffiit^-sy/Ul (±o. i Mm ) 

hRg (±0. 2/im) \Z£*> % ±0. 3 // mgft^fb 
"T5o 7yt°y^o. i 5 //mKltM9ilS^w*t-i" 
nfcS^izfc, il^-ya-^inWSfflll 
8icHmL^^J: ftS^-^^^S^ 
-fZh, 9 -9 — 1/3-? 1 1 ZCDx-yitiDfeWZO. 9 

z<dw&\z\±. mmm^mi^ b\^fo9 o% 
e«*-e»«Lfc 0 ra«rc:E»=3-f/n u«2o 
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[0022] i~s<T<Dmm>mB3jfax*i*}xfzm 

■S&M'fci'&t, 0. 7X0. 9X0. 8-0. 5kK 

[0 0 2 3] a^SBMfcBttfcl^T* 
1?*J;£\ fMilO. 05-0. l^mgW>i 

TjE»aoif attft < wjw-r 5 r t k j: 0 

[0 0 2 4] 

S^rTSttft^y K£*j&-f5o Sfefc, » 
K£ til* p *Rtf\ *»«<^-tt^ - com a izm& L/c 

kU, KSr*rti--5±K4««WK*<o^ 

->-3-*, E*=">f^fc£fciBU S£/S«*^*K 

[0025] ^lew^intf, mmwi<om%mm. -t-ft 

X$%<> 

[oo2 6] -r*fc>*>, sue 

MEBBPrt^gffiLfcJfeiB»S:Wi-S^K«^, w} 
aa^WE*ffil^tei-^*SB^*1-^»^^^<!:, 
[0 0 2 7] o£ 5 , *K<oH!a^i«««:5Ems-fr % 

[0 0 2 8] fot, #*W<0»«^y Ktt, 
E»a*^»fttfr«S:E» L* fcttE» $ ixfcWk«f« 

mcKJtbtiMPSrW-rsSJK^, ME*BU:fc:»ttb 
hiffiM P lf:*»^Wt 6 iffit, SUE 



»JK±icKfte>niWE±««^»«W{c:jB^sn^#« 
frtti, ffJE±«ffi<ofll±ffi£, «SE»BI 

[0 0 2 9] £fc, JZtJftfcftl^ BlffiWB«^s/K 

E«t*»iPiD6^»bT¥fT^^six. mmmmv*- 
sfjE«E**rr&] ffi^^ e> «rE»«^«ff -east s n 5 *^*t 

[0 0 3 0] ifilfcE8ffl8«^y KKJoV^CI*, ml 
E£flM»i* lWEttff»raffi8-iaitr«abfc±««jfe 

iffiat. mmm^mm-b^±^Lxmmmm±^n 

rtbtitzffiBhMMk. %i(irZ>t><nk1-Z>z\kfcX$ 
'bo 

[0031] B£ffl<0«ft^s/ Kt ttii, 
*tl*J spff i ft & ixfcfci* t , ifflEttEf*** IrI 

£«t£&tfflE»I««^3~* ^8««J^§nt8 

asas***^, stai*. mm±mmkmm»mmn 

3-? k\z£V) m#mM S:StfE««*egtifi»**^ tr* 
«W^E«ShfcWt*«fc«fE«iK«e^**^ 

St^^K-efcoT, StfE^»lB«oDI*ffi^WE*W»« 

3 - ^ o^isi t m ^th t «rEME»#iRiffi^» U¥ 
bmmm<Dmmxmfe£H%mfztfv±xLx^^z 

[ 0 0 3 2] #ss9J<DH*i^s, 
****E^*Jr«fttt«fcE«L*fcJ±E«*nfc 

*^-T5XS^, WE»JKt-HPS:ff^i--5XS^, 

mmmn^mi-^ x ^iz^mm^nm-r^iimk , m 

8*«:Mt5Xgi, «rE«IKJIS:^y^^^i-5w 
t ^ J: 9 WE»«*r»dt LT«irE*»(0±ffi ^ WTfttt 

[0 0 3 3] ^fc, **W(OK«Eft*«f±, miftVtz 
LT ^rte^ fc«4E»S4ifc«««« 
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[0 0 3 4] 

mm^mmmm] eat* ^es^i^fico^ 
[oo35j Bin *«w«?ait»ft^ y y<ommm 

Kl 0Atff4ffli«^y K2 0A«($2 
fc, »2 00i: LT{4, ^7^12 1 8 ^SfT^ 

^^2 1 6 tsai5»s2 1 5 tzmmz-ttzhn* 

18liPtMn, SfT*>#:«l4]K2 1 6 l±N i F e x £ 
KIEftJi {4C o C r P t £ffl^5r<b^-e££ a 
[0 0 3 6] *«WO|B»ffl«*^y Kl OAli SH 

3 oo±icaasixyii»i««tw*i 1-1 

5 0 £ms%i«*i i, muhmmmi 2, 

*->-3-^l 3&tf«E#2 0 o^Krt&nfc 
^rT^if«tt)8l2 1 6tc tot, U ^^*W»BSS:»ril 

*. HMMfcT /U 5 ~ 9 A * if ^ h ft -5 ffiJMI 3 2i:J:oT 

[0 0 3 7] »B£ 3 0 [4, SffiKMiES&tt 2 0 0 

ffi£«rW1-*o *«3 0M:, **fl&IZ|4 % *J£**tftSl 
8 {w*t LT¥tf fwRtt bftfcD L C (Diamond-Like-Car 
bon) iI»K35c^*cj;9*j*i"5wt*s-e#5 0 — ;/ K 

T, K*«fiK1- 5 11-14 

(4, DLCS^l3 0(DSS (^ft^ftffil 8<7)^ftiJCD 

5o i~ftfr^ ^««!5t«ia5l KD^ffiite, DLCi 
M3 0*J| (0»*Ji, 0. 1 jumSftti-SriiS 

[0 0 3 8] ttgriftggu 2, M^-ya- 

*3B1 3Xtf»J»K»3>f /Ul 4(4, V>Ttl^DLC 
(Diamond-Like-Carbon) ffljtl&3 OWlICSii^ 

nixbw#i!iRgB(DjK*2 o o lean* 5 y-fe;**fc % d 
L ciH»J« 3 0 coKl¥t3 1 o T!E»l;:WJ» £ft-Ci^5 0 
[0 0 3 9] **WJ-J:4xtf, t^5/K 

0 Ofc^LT^mcftSJ^KEg-fsr fcl;L.fcoT, 



iPiffi fpjj^ y^ofii, (oy-t^asr-tn mac* 
»f&]ffiffl!HcasLfcDLc»jtffl[3 ot£t?<Dnm<om& 

(4, 0. 0 1 Atm^— y—1?iE«HwMjllPT*#4fcit) % fl| 
SBffil 2, »iy^y3-n3, =>f /H 4<7)» 
'>y -fe^SSrlBftTESllfca^ Ka-/UT#, O^Tte 

[0040] ftjs, 2&tf»Ky ^ya- 

* 1 3 ^IBffiSWOx ^ y(j;^^5 : ^ ^it I 

So 

[0 0 4 1 ] ftic, *38W<B«£ffi»«^5/ K2 0 AtC 
o^Tlft^-fS^ £tt«$fci»g|52 1, 

2 2, Mtii^T-2 3, *BBB«3-* 2 4&^*rT^#: 
8l4l2i6l:J:oT, U ^y*^«H8«:**i- 6 £ 5 
JCfll^SnTV^o ^tb^T-2 3 t LT(i, fifjitf, G 
MR (giant magne t or esi stive) i^TMR (tunnel 
ing magnetoresistive) ^fft if^i8«18*t8!l*3lf^f & 

[0 0 4 2] **M<3D«aS^y K2 OfcHSV^Tfc, 

2 l J4DLCfflj#lg|3 otrKft&nfcBlP 

^**.^Mm-rz &*> izbas tix^z* ^tt, » 

118883^ 2 2, 2 4(4, V*Til,fcjHraJ8S3 0<7)±ffi 

2 l^ffl*f±»J»»|3 0(59]Kff^<to-CIE«^ffi!|{»S 
n> fp)0#^> »IS^3-^ 2 2, 2 4(©yt^i<)i 

»«3 oa>Kfficj:oTjESlilcf6ij»snTv^o i£o 

[004 3] W:, *«i^t«^y K 1 0 A, 2 OA 
[0 0 4 4] D 2 SU^ig 3 [4, **W<Oflt«^ >> K60fi{ 

[0045] s-r, Ei2 (a) ^>y^ 

> (Si) 4^^5)4 6StR4 1C0±^, m (Cu) ft 

4 2MI, S6i:DLC«}W3 0S:rtlllt5o 
[0 0 4 6] ^ir, 02 (b) tCfl/tJ;^:, DLC 
*3 0KBlP3 0H*r*jaEi-5 o JWftl^ FIB 

(Focused Ion Beam Etching) -^^^r i/^r U — 
»3fc, fc^V^iEB (Electron-beam) ff^SSpffft <!f <D 
**{c4o-C0^Lft^^^^Sr^t, K^tt^^/^ 
V^Srffl^T, 0. 15/imXO. 15MmggOiP 

3 0HH^t^ 



(6) 



^2 0 0 1 -9 3 1 1 2 



[0 0 4 7] ftl;, B2 (c) izmLtzX 
v K(Oi««5fe«fflS:»^i-5 0 ftftttfcM;, FeC 
o , NiFe fc±S±««3fciB«B 11,21 Sr-tn-Ptl 

[0 0 4 8] 0 2 (d) izmttzX 0 [Z % DLC 

)8l3 0(D_b^N i F e^^7< ifO*fefc«t !9 *fi| 

U^^ym:^i:J;ot, 1#»jB«£i 2, ftK 
y ^-^3-^ l 3, iilMH-^ 2 2,2 4 SrJgj* 

[0 0 4 9] 0 2 (e) iC^U^i A 1 O 

x (SftT/U^^A) f^Ii3 2AMl, C 
MP (Chemo-mechanical-polishing) £ 9 , 

So 

[0 0 5 0] fcfc, 0 3 (a) K«LfcJ: Eft-^ 
s> Kl 0o»lSi 2MI^-y3-^i3^ 
«ftWictt-&i-« 0 Mrfcmz^ N i F e*S:3f*0/< 

[oo5i] mz^ 03 (b) \zmLtz£?\z^ 

^K2 0A(7)it±JiT-2 3^Mt^ s 
1\ A l Ox|6il3 2B^ifSlCMPCJ;!)¥tft 
Lfc«fc % 0f*«O»^7 K<0*A l OxKli 3 

[0 0 5 2] EI 3 (c) fc«LfcJ;5fc, 

"Ca^iitfo Affft^tt, AlOx«i|32CS: 
fifcttU CMPiat)¥i.ftt5o 

[0 0 5 3] 0 3 (e) fc*LfcJ: 5fc, 

±#&#*>T/i># V I:j|ltcu4^5)45llii4 
2Jf£^fl?U Sfi4 1iI^^KlOA, 2 0A<h 

[0 0 5 4] ft jo, £BJtt5fctffcSB 1 1 , 1 2 , 

[0 0 5 5] K±KWLfc*«WollJt*tefc < t*Ltf, 

-t--<TDLC?Pim^3 O^Btff (0. l//mgt) fcj; 

K2 0A^il^3-^ 2 2, 2 4, GMR/TMR 
STf-2 3oy ir**fc*ft-e;tx<7)£«4 1 ±tO»i» 

ho 

[0 0 5 6] ft;fe\ Hll^W*Lfc«*^y Kl OA, 
2 0 Afi, ±«ffi5feiffigBl l , 2 lW5feKIB#DLCl 



rll3 0^Ti^-^^nti^o Lri»U * 

l, 2 l oife4Bffi^flrlHBt3 orticWbftT h&\<\ 
[0057] B 4 ii, jr±»«3feJB«^aifcn 

»«5fc«Sffi lilt *<D5fciBffirts«»l|J! 3 o a \z£ V |f 

[0 0 5 8] ^<oJ:5(-*«*iife«8S«rS«)iiWcfi, 

02 (b) ^B8LTS(l56LfcXS^fc^TDLC}B?IHK 

3 0l:JlP3 0HS:«*t5Bl:, *MM4 2 *T?SS 

[0 0 5 9] *fcfi % 0 3 (d) (^Lfc«t9^Sffi4 
1 ^5>»(iUfcatC, ^BiffiSfcaSSB 11,21 (O^feffi® 

cmmmz o a &mmvxh&\<\ znm&izit, 04 

«!3 0att DLCilJIJIIlciOirttSri:^ 
SSU^s, fi30bit ^fltDLCittil:,): 

[0060] mz s *%m<Dmmiz^^xmw-tz>o 

[0 0 6 1 ] £1\ *«WtC*3V^Ttt, I»^!/Kii 

M3 0^«ff^*S:KftS^<!:lwJ:!9, y ir 

[0 0 6 2] 0 5 14, **WO»lO«Jg«S:1Rjfca<j^ 
*i"1*rffiE|-C*>S 0 (Rj0twO^Tft, 0l7^04K:§g 

Lxmmvtct(otm-(Du^z\tm-<Dn^HLr 

[0 0 6 3] 05 (a) fc*Lfcttft^y Kl 0BH 
»BIIE«=Wyui 4(7) y ir^S^ffia^Si 2^»jg|y 

^-^3-^1 3j=jt'<Tse>^/jNS<K£$n-cv> 

l^>5t«^*^S*Sri:35SpriBt$nTV^ 

So 

[0 0 6 4] S&fc, DLCi^3 0Sr^|:Si 
(off-set) £^-;L, iEft^yir^SSr^iS- it>pl 
[0 0 6 5] 0 5 (b) fi, -co J; 5 fc**<z>«»JK* 

[0 0 6 6] 1"^^^, RIH<D«ft^s/ Kl 0 C^SSV^ 
Til, 4f(?)il 3 0 a - 3 0 d «ft b^t V ^ a 
LT, ±«ffiJfe«H8fB 1 1 (4, Mm 3 0b-30 d^^il 
L-t^:tt^i^TV^So ^7t, »I«^3^/H4I1 » 
I30c, 3 0 d^fCiiLTt^tibn, ^Ky ^~>3 
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— ^sb i 3«tawi3 o d&nmvxmibft. Mttii 

1813 o a H t^toi*^S9«IMi LXimir 

So 

[0 0 6 7 ] o£ <9 , 8£t^ y K10C ^#»IBHKftR 
*fcll Sl3 0a-3 0d(^ggi(|(:ei:-CS/^ 

[0 0 6 9] r^T% B5 (b) KW^LfcJ: 7&*ig 

a - 3 0 d^n^ttt^s/^^^^^R^SWW- 
J:9**-f-***^*4« Will ftT^coSf^3 0a 
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